This paper estimates local economic spillovers from a windfall gain to the agricultural sector, exploiting variation in United States Plains counties' access to the Ogallala aquifer. The Ogallala was formed long ago by runoff from the Rocky Mountains, and its distinct irregular boundary cuts across modern soil groups. The Ogallala was discovered in the 1890s, but its groundwater remained mainly inaccessible for agriculture. After World War II, improved pumps and center pivot irrigation technology made Ogallala groundwater available for large-scale irrigated agriculture. Access to Ogallala groundwater greatly increased counties' agricultural land values and revenues, as agricultural production adapted toward greater water intensity (Hornbeck and Keskin 2014) .
Expansion of the agricultural sector could benefit the local nonagricultural economy, though there are two competing channels through which other economic activity may be restricted. First, increased agricultural land values may increase nonagricultural sectors' costs for land and labor. Second, some agricultural practices may create disamenities for the local population and increase labor costs in nonagricultural sectors. For the agricultural sector to benefit local nonagricultural sectors, these negative impacts must be outweighed by productivity spillovers, shared infrastructure, or increased demand for locally traded goods. These competing effects are reflected in a simple Roback-style general equilibrium model.
The empirical specifications compare changes in counties over the Ogallala with changes in counties in the same state, controlling for counties' soil, climate, longitude, and latitude (as in Hornbeck and Keskin 2014) . We merge historical county-level data with a United States Geological Survey map of the Ogallala's boundary. Ogallala counties and non-Ogallala counties were generally similar prior to the 1940s, consistent with the identification assumption that Ogallala counties would otherwise have changed similarly to non-Ogallala counties. These empirical specifications estimate local economic impacts in Ogallala counties, relative to changes in non-Ogallala counties, but do not identify potential spillover effects on non-Ogallala counties.
Increased access to Ogallala groundwater generated substantial gains within the local agricultural sector, but the empirical estimates do not indicate positive long-run impacts on the local nonagricultural economy in Ogallala counties. Rural farm population increased in counties over the Ogallala, relative to changes in nearby counties, but Ogallala counties experienced statistically insignificant relative declines in total population. In counties over the Ogallala, there were no detectable long-run relative changes in the manufacturing, wholesale, retail, or service sectors. Ogallala counties had some short-run increases in nonagricultural sales, just as agricultural land values were increasing substantially, but these impacts were short-lived. Historical perspective highlights the absence of sustained long-run gains in these rural areas' nonagricultural economies, relative to nearby counties, from a large windfall gain in the local agricultural sector.
In understanding the mechanisms through which the agricultural sector affects local nonagricultural sectors, any coagglomeration benefits may be small and counterbalanced by increased production costs for nonagricultural sectors. Land values increased in Ogallala counties and, while historical wage data are unavailable, there are some indications of temporarily higher local labor costs. Labor costs may also have increased and nonfarm workers been displaced due to increased consumption disamenities from local agricultural production (e.g., commercial fertilizers, agricultural chemicals, and noxious swine farms).
With the benefit of long-run historical perspective, a large windfall gain in the agricultural sector did not encourage differential expansion of nonagricultural activity in counties over the Ogallala. Our interpretation of the results emphasizes relative impacts on the local economy in Ogallala counties, as the empirical analysis is unable to rule out geographic spillover impacts on non-Ogallala counties. In interpreting the results, guided by the theoretical model, we also consider how the estimated impacts might vary in other contexts, particularly where product markets are less integrated, labor mobility is more restricted, and agricultural production is less mechanized. This historical episode highlights how environmental resources can be of central importance to the local agricultural sector, yet have limited indirect influence on local nonagricultural activity.
I. Background on the Ogallala Aquifer and Its Impacts on Agriculture
The Ogallala aquifer lies under 174,000 square miles of the Great Plains, making it one of the world's largest underground freshwater sources. 1 The Ogallala was formed long ago by runoff from the Rocky Mountains, such that its boundaries are fixed by the location of ancient valleys and hills. The United States Geological Survey first discovered the Ogallala in the 1890s, but the aquifer initially had limited impacts on agriculture through the use of early pumps, windmills, and older irrigation techniques. Prior to the 1940s, agricultural outcomes were similar in counties over the Ogallala and nearby non-Ogallala counties (Hornbeck and Keskin 2014) .
After World War II, improvements in pumping technologies allowed farmers to access Ogallala groundwater cheaply and in large volumes. Groundwater irrigation increased further with the invention of center pivot irrigation. It has been prohibitively costly for farmers in nearby counties to access Ogallala groundwater, however, through pipelines or any system of exchange. 2 As a consequence, agricultural land values increased substantially in counties over the Ogallala, relative to changes in non-Ogallala counties. Over time, Ogallala counties' land-use adjusted toward water-intensive crops and agricultural revenues increased further (Hornbeck and Keskin 2014) . This paper reproduces earlier "first-stage" estimates, in which the Ogallala impacts the agricultural sector, before turning to the "reduced-form" impacts of the Ogallala on nonagricultural sectors. To interpret the reduced-form estimates as the impact of agricultural expansion on nonagricultural sectors, an important assumption is that the Ogallala does not directly impact nonagricultural sectors. While agriculture accounts for the majority of Ogallala groundwater extraction, Ogallala groundwater may also be used for nonagricultural purposes. To the extent that Ogallala groundwater directly benefits nonagricultural sectors, the empirical analysis would overstate positive impacts of the agricultural sector on the local nonagricultural economy.
II. A Model of Cross-Sector Spillover Impacts
To explore the impacts on nonagricultural sectors from a windfall gain in the agricultural sector, we outline a basic two-sector Roback-style model (Roback 1982) . 3 Sectors affect each other through shared factor markets. The agricultural sector may also create consumption disamenities for the local population (e.g., through agricultural chemicals) or production amenities for the local nonagricultural sector (e.g., through shared infrastructure). In a later section, we consider how the predictions vary in alternative contexts, such as if some goods are traded locally or if labor mobility is restricted.
A. Two-Sector model with Internationally Traded Goods and Labor mobility
We allow for two production sectors: agriculture and industry. In each sector, firms use labor L , capital K , and land T to produce an internationally traded good whose price is fixed and is normalized to one. Firms in each county c and sector s maximize:
where w c , r c , and q c are input prices in each county. Sector-specific productivity ( A c s ) is influenced by whether county c can access groundwater from the Ogallala aquifer.
The supply of land is fixed in each location. Labor is supplied by workers who live in each location. Workers' indirect utility depends on wages and the cost of housing, which is increasing in the price of land. We assume that workers are fully mobile across locations and sectors. Capital is internationally traded, so its price is fixed across counties.
When counties over the Ogallala aquifer become able to access its groundwater, agricultural productivity increases. The demand for farmland increases over the Ogallala, and, if the demand for industrial land is inelastic, Ogallala counties' land price can increase substantially with little increase in total farmland. Increased land prices raise the cost of housing, such that workers must receive higher wages to remain in the county. Industrial firms' cost of land and labor both increase, so industrial output and the industrial workforce decline.
Predicted changes in population depend on assumptions about the production function. As access to Ogallala groundwater was associated with an increased intensity of agricultural production (Hornbeck and Keskin 2014), we assume that access to the Ogallala increases agricultural labor demand. As a consequence, Ogallala access is predicted to increase counties' rural farm population. The predicted change in total population depends on how much agricultural labor demand increases, compared to how much higher land prices and wages decrease demand for labor in the industrial sector.
In the absence of any consumption disamenities or production amenities, the model predicts increases in housing costs and wages. Workers' indirect utility may be decreasing in local agricultural output, however, reflecting increased exposure to agricultural chemicals, fertilizers, and noxious swine farms. In this case, wages increase further to compensate workers and housing costs increase by less (or may even decline). The local industrial sector continues to face higher input costs, so there continues to be a decline in industrial output and the industrial workforce.
Agricultural production may also create production amenities for the industrial sector, similar to agglomeration spillovers observed within the industrial sector (Ellison, Glaeser, and Kerr 2010; Greenstone, Hornbeck, and Moretti 2010) . Expansion of the agricultural sector may improve local infrastructure that is also productive for nonagricultural sectors, or there may be direct productivity spillovers among local firms across sectors. If industrial productivity is increasing in local agricultural output, regardless of the mechanism, then the industrial sector may also expand despite higher input costs. Higher labor demand and higher wages attract workers into the county until land prices and housing costs increase sufficiently to establish equilibrium.
Combining the changes in input costs, consumption disamenities, and production amenities, the competing effects on the industrial sector can be summarized by considering changes in the initial level of profits for incumbent industrial firms. We consider the "short-run" change in industrial firms' profits after a county gains access to the Ogallala, the agricultural sector expands, and population adjusts, but before changes in the size of the industrial sector. 4 If firms are price takers and all factors are paid their marginal product in equilibrium, the total derivative of an industrial firm's short-run profits with respect to a change in access to the Ogallala is:
Equation (1) makes clear that industrial firms are affected through three channels. The first term increases industrial firm profits and encourages expansion, if access to the Ogallala causes the agricultural sector to create production amenities for the industrial sector. The second term decreases industrial firm profits and encourages contraction, if access to the Ogallala increases local wages through higher housing costs for workers and/or increased consumption disamenities. The third term also 4 We write the "short-run" level of industrial firm profits, Π * , as:
where productivity, wages, and land prices depend on the agricultural sector's access to the Ogallala. Each sector's optimal level of labor inputs ( L s * (w, r, q) ), capital inputs ( K s * (w, r, q) ) and land inputs ( T s * (w, r, q) ) reflect the county's wage, the national cost of capital, and the county's land price. decreases industrial firm profits and encourages contraction, if access to the Ogallala increases local land prices through increased demand for agricultural land.
As access to Ogallala groundwater leads to expansion of the agricultural sector, there are three main empirical predictions. First, nonagricultural sectors contract over the Ogallala, unless production amenities compensate for higher costs of land and labor. Second, local wages increase over the Ogallala, despite perfect labor mobility, due to consumption disamenities from the agricultural sector or higher housing costs. Third, housing costs may decrease or increase, depending on the relative magnitude of consumption disamenities and competition for land from the agricultural sector.
B. Variation in Predictions across Contexts
In the above model, the predictions depend on assumptions chosen to reflect the United States Plains in the mid-twentieth century. In particular, we assumed that agricultural goods are exported internationally, such that agricultural expansion over the Ogallala does not impact local prices of agricultural goods. Further, we assumed that labor is fully mobile, such that increased agricultural labor demand does not itself bid up local wages. In this section, we consider how the theoretical predictions change under alternative assumptions that might be more appropriate in other contexts.
Locally Traded Goods.-As market integration declines and goods are traded more locally, expansion of the agricultural sector generally has a more positive impact on the local industrial sector. Further, increased access to Ogallala groundwater may then generate geographic spillover impacts on nearby non-Ogallala counties.
If some portion of agricultural goods are consumed locally, then agricultural expansion over the Ogallala decreases agricultural prices in Ogallala counties. Decreased agricultural prices could encourage the expansion of local industry through three channels. First, if the industrial sector uses inputs supplied by the local agricultural sector, then lower input prices encourage industrial expansion. Second, if workers directly consume local agricultural products, then industrial firms can pay workers lower wages. Third, lower agricultural prices mute increases in the price of land.
If agricultural markets are regional, then nearby non-Ogallala counties may also be affected by increased access to Ogallala groundwater. Agricultural expansion over the Ogallala decreases agricultural prices in nearby non-Ogallala counties, lowering agricultural land values in non-Ogallala counties. Decreased land values attract workers and industrial firms to these areas.
If some portion of industrial goods are consumed locally, then expansion of the agricultural sector may increase demand for the local industrial sector. In particular, if the agricultural sector uses inputs supplied by the local industrial sector, then increased demand from the agricultural sector will encourage expansion of the industrial sector. This increase in local demand can be represented, in a reduced-form way, by a greater impact of the agricultural sector on production amenities in the industrial sector. Further, local customer-supplier relationships may increase productivity or lower transaction costs if some outputs of the industrial sector are intermediate inputs for the agricultural sector and vice versa.
restricted Labor mobility.-As labor mobility declines, expansion of the agricultural sector generally has a more negative impact on local nonagricultural sectors through increased local wages. Foster and Rosenzweig (2004) develop a similar model for the Indian context, in which greater labor demand from the agricultural sector increases competition for local workers and increases labor costs for nonagricultural sectors.
Further, as labor mobility declines, nearby non-Ogallala counties may also be impacted by agricultural expansion over the Ogallala. If migration costs increase with geographic distance, then workers may be disproportionately drawn from or displaced to nearby non-Ogallala areas. In addition, if workers are able to work in Ogallala areas and live in nearby non-Ogallala areas, thereby avoiding some portion of the agricultural sector's consumption disamenities, then there will be additional geographic spillover effects on nearby non-Ogallala areas.
III. Data Construction and County Differences by Ogallala Share
Historical county-level data are drawn from the United States Censuses of Agriculture and Population (Gutmann 2005; Haines 2005) . 5 The main variables of interest include: irrigated acres and total acres of farmland; value of agricultural land and revenue; total population and rural farm, rural nonfarm, and urban population; the number of establishments and total sales in the manufacturing, wholesale, retail, and service sectors; retail sales per capita; manufacturing payroll per worker; median dwelling value; and median dwelling rent. The empirical analysis uses a balanced panel of Plains counties, from 1920 to 2002, for which data are available in every period of analysis. We adjust county-level data in later periods to maintain 1920 county definitions (Hornbeck 2010) . Figure 1 maps the Ogallala aquifer, overlaid with county borders in 1920. The sample is restricted to counties within 100 kilometers of the aquifer boundary. The shaded area represents the United States Geological Survey (USGS) original boundary of the aquifer, prior to intensive use for agriculture. Changes in water levels are potentially endogenous to agricultural activity, so the empirical analysis assigns groundwater availability using USGS predevelopment Ogallala boundaries.
The empirical research design exploits the sharp spatial variation in counties' access to Ogallala groundwater, comparing changes in counties over the Ogallala with changes in similar counties. To focus on comparisons among "similar counties," as in Hornbeck and Keskin (2014) , the empirical specifications control for average differences by state, soil, climate, longitude, and latitude. 6 Table 1 reports differences between Ogallala and non-Ogallala counties in 1940, prior to the widespread availability of Ogallala groundwater for irrigation. For the outcome variables of interest, there are some unconditional differences between the analysis effectively compares Ogallala and non-Ogallala counties within the same soil group. We also include controls for each county's soil suitability for corn and wheat, average precipitation and temperature, average degree days between 10°C and 29°C and degree days above 29°C, and centroid longitude and latitude. Because non-Ogallala counties surround the Ogallala region, there is variation in Ogallala access within similar climate, longitude, and latitude. Ogallala and non-Ogallala counties (column 2). For specifications that include control variables, however, there are fewer statistically significant differences by county Ogallala share (columns 3-5). When data are available for these outcome variables prior to 1940, subsequent tables generally report small differential prechanges by county Ogallala share. These estimates are consistent with the identification assumption that Ogallala counties would have changed similarly to non-Ogallala counties, if not for increased access to Ogallala groundwater. 
IV. Empirical Framework
For the initial empirical specifications, following Hornbeck and Keskin (2014) , outcome y in county c is regressed on the fraction of county area over the Ogallala, state fixed effects α s , the fraction of county area in each soil group γ g , and linear functions of eight county characteristics X c (soil suitability for corn and wheat, average precipitation and temperature, degree days between 10°C and 29°C, degree days above 29°C, longitude, and latitude). Each coefficient is allowed to vary in each time period, effectively pooling the cross-sectional specifications across all time periods:
(2) y ct = β t Ogallal a c + α st + γ gt + θ t X c + ϵ ct .
Each estimated β reports the average difference in that year between counties entirely over the Ogallala and counties entirely not over the Ogallala. The analysis weights the regressions by county size, thereby reporting the impact of the Ogallala on the average acre of land. The estimated β s reflect the impact of the Ogallala in each year, given the identification assumption that sample counties would average the same outcomes in the absence of the Ogallala. In practice, this identification assumption must hold after controlling for other differences correlated with soil, climate, and geography. In this sense, identification exploits the spatial variation created by the Ogallala's irregular boundary. The change in β s, from one year to another, reflects the changing impact of the Ogallala, given the weaker identification assumption that sample counties would average the same changes in the absence of the Ogallala. Equation (2) is modified to report directly the estimated changes in county-level outcomes, relative to 1940:
The estimated coefficients report relative changes for counties over the Ogallala, compared to any differences in 1940. For the statistical inference, standard errors are clustered at the county level to adjust for heteroskedasticity and within-county correlation over time. The geographical contiguity of the data raises a natural question about whether county observations are independent, though county-level changes exhibit little spatial correlation. Indeed, when allowing for spatial correlation in county-level changes, the estimated standard errors are similar. 7 (2), columns 1-5 report year-specific cross-sectional differences by Ogallala share in: acres of irrigated farmland per county acre, acres of total farmland per county acre, the log value of agricultural land and buildings, the log value of agricultural revenue, and the log value of agricultural revenue per person living on a farm.
V. Results

A. Estimated Impacts on the Agricultural Sector
In 1935, irrigation was a statistically insignificant 0.2 percentage points lower in Ogallala counties than in non-Ogallala counties (column 1). By 1950, irrigation was 1.4 percentage points higher in Ogallala counties than in non-Ogallala counties. As groundwater irrigation technology improved and agricultural production adjusted, this difference increased to 12.1 percentage points by 1978. Ogallala counties maintained substantially higher irrigation levels through 1997.
The fraction of county land in farms was similar in Ogallala and non-Ogallala counties through the 1950s, though higher in some periods (column 2). Since the 1960s, the fraction of county land in farms has been consistently higher by 4 to 5 percentage points in Ogallala counties.
The value of agricultural land and buildings became consistently higher in counties over the Ogallala in the 1950s (column 3), after the introduction of improved pumping and irrigation technologies. The land value premium rose to 36 percent in 1950 (0.309 log points), peaked at 58 percent in 1964 (0.459 log points), and has since declined to 23 percent in 2002 (0.207 log points). 7 Spatial correlation among counties is assumed to be declining linearly up to a distance cutoff and zero after that cutoff (Conley 1999) . For distance cutoffs of 100 kilometers (km) or 200 km, the estimated Conley standard errors are similar to the standard errors when clustering at the county level. Consistent with these estimates, maps of county-level residual changes show little spatial correlation.
Agricultural revenues have been higher over the Ogallala since the late 1940s (column 4), increasing further in the 1970s as agriculture shifted toward greater corn acreages over the Ogallala (Hornbeck and Keskin 2014) . 8 There were increases in 8 The impact on revenues has increased in recent periods, as land values have declined, suggesting that the marginal return to water remains high and decreased land values reflect market expectations of groundwater exhaustion. Notes: Each column reports estimates from equation (2): the indicated outcome variable is regressed on the share of county area over the Ogallala, state fixed effects, the fraction of county area in each soil group, and linear functions of county soil suitability for corn and wheat, average precipitation and temperature, average degree days between 10°C and 29°C and above 29°C, longitude, and latitude. All coefficients are allowed to vary in each year. The regressions are weighted by county acres, and robust standard errors clustered by county are reported in parentheses. ** Significant at the 1 percent level. * Significant at the 5 percent level.
agricultural revenue per person living on a farm, as agricultural production expanded with relatively smaller increases in agricultural workers. Subsequent specifications estimate changes in counties' nonagricultural outcomes, relative to 1940, as the Ogallala began to have a consistent direct impact on the agricultural sector over the 1940s. Table 3 reports estimated impacts of the Ogallala on relative changes in population, from estimating equation (3). As the Ogallala became used for widespread irrigation through the 1950s and 1960s, total population was relatively unchanged in logs (column 1) and levels (column 2). There was some long-run decline in total population, but this decline is not statistically significant at the 5 percent level.
B. Estimated Impacts on Population
Estimating the change in population by category, Ogallala counties experienced moderate detectable relative increases in rural farm population (column 3). By contrast, there were some statistically insignificant long-run declines in rural nonfarm population (column 4) and urban population (column 5). Figure 2 summarizes the estimated trends in agriculture and population. Panel A graphs the substantial increase in agricultural land values, panel B graphs the Notes: Each column reports estimates from equation (3): the change in the indicated outcome variable, relative to 1940, is regressed on the share of county area over the Ogallala, state fixed effects, the fraction of county area in each soil group, and linear functions of county soil suitability for corn and wheat, average precipitation and temperature, average degree days between 10°C and 29°C and above 29°C, longitude, and latitude. All coefficients are allowed to vary in each year. The regressions are weighted by county acres, and robust standard errors clustered by county are reported in parentheses. ** Significant at the 1 percent level. * Significant at the 5 percent level. moderate increase in rural farm population, and panel C graphs the decline in total population. These estimates, along with the estimates below, are not driven by changes in very populated or sparsely-settled counties. 9 9 The estimates are similar when restricting the sample to 332 counties with total population in 1940 within the fifth and ninety-fifth percentiles. 6 1920 1930 1940 1950 1960 1970 1980 1990 2000 Year 1920 1930 1940 1950 1960 1970 1980 1990 2000 Year 1920 1930 1940 1950 1960 1970 1980 1990 2000 Year −0.5 Table 4 reports estimated impacts of the Ogallala on relative changes in four nonagricultural sectors: manufacturing, wholesale, retail, and services. After the Ogallala became available for agricultural production, counties over the Ogallala experienced little detectable long-run expansion of nonagricultural sectors. 10 There were some substantial and statistically significant short-run increases in nonagricultural sector sales (columns 2, 4, 6, 8), but little change in the number of nonagricultural sector establishments (columns 1, 3, 5, 7) . Figure 3 displays the estimated changes in nonagricultural sector sales.
C. Estimated Impacts on Nonagricultural Sectors
Estimated short-run increases in sales coincide with the large increase in agricultural land values, but were not sustained as agricultural production expanded into the 1970s. One potential interpretation is that booming land values induced a temporary burst of sales associated with land transactions or increased wealth.
Substantial and persistent gains in the agricultural sector do not appear to have induced long-run growth of the local nonagricultural economy. There may be important short-run and long-run spillover effects on particular nonagricultural firms that 10 The sample of counties varies across outcomes because data by sector are missing for some counties in some years. Notes: Each column reports estimates from equation (3): the change in the indicated outcome variable, relative to 1940, is regressed on the share of county area over the Ogallala, state fixed effects, the fraction of county area in each soil group, and linear functions of county soil suitability for corn and wheat, average precipitation and temperature, average degree days between 10°C and 29°C and above 29°C, longitude, and latitude. All coefficients are allowed to vary in each year. The regressions are weighted by county acres, and robust standard errors clustered by county are reported in parentheses. ** Significant at the 1 percent level. * Significant at the 5 percent level. specialize in agricultural machinery, sales, and services, but these detailed historical data are unavailable.
D. Estimated Impacts on Housing Costs and Income Proxies
To help understand the mechanisms through which the agricultural sector affects nonagricultural sectors, Table 5 reports estimated impacts of the Ogallala on available proxies for housing costs and labor costs. As agricultural land values increased from 1940 to 1950, there were moderate but statistically insignificant increases in median dwelling values (column 1) and median dwelling rents (column 2). 11 Despite substantially higher agricultural land values, housing costs may have been kept from rising further by increased consumption disamenities associated with agricultural production. Appendix Table 1 reports higher usage among Ogallala 11 Historical data are unavailable to control for house characteristics, however, which limits the estimates' statistical precision. 8 1930 1940 1950 1960 1970 1980 1990 2000 Year 9 1930 1940 1950 1960 1970 1980 1990 2000 Year 1930 1940 1950 1960 1970 1980 1990 2000 Year 1930 1940 1950 1960 1970 1980 1990 2000 Year Panel A. log manufacturing value added ( Table 4 ).
counties of commercial fertilizers, agricultural chemicals, and noxious swine farms, which may mask increased real housing costs in Ogallala counties. Table 5 , column 3, reports changes in retail sales per capita, which is an available historical proxy for average income (Fishback, Horrace, and Kantor 2005; Hornbeck 2012 ). This proxy for income increased as the Ogallala became increasingly exploited and farm populations increased in Ogallala counties, though this measure declined in later periods. Average manufacturing payroll per worker increased in some initial periods, though the estimates are not statistically significant (column 4). These measures provide only a rough proxy for local labor costs, however, and data are unavailable to control for worker characteristics.
In understanding the mechanisms through which the agricultural sector affects nonagricultural sectors, there are only limited indications that nonagricultural activity was discouraged by higher local input costs. The absence of long-run changes in local input costs, combined with the absence of systematic increases in nonagricultural activity, suggests that agricultural expansion creates few production amenities for local nonagricultural sectors.
E. Potential Geographic Spillover Effects
The empirical methodology identifies relative impacts of the Ogallala, comparing changes in Ogallala counties to changes in non-Ogallala counties. In our main theoretical model, non-Ogallala counties are not affected by agricultural expansion over the Ogallala. If some goods are traded locally or if labor mobility is restricted, however, then non-Ogallala counties may also be affected by increased access to Ogallala groundwater. The empirical methodology is inherently limited in its ability to estimate spillover effects on non-Ogallala areas, but we do consider whether the main estimates reflect large impacts on nearby non-Ogallala areas. First, we verify that the previous estimates are substantively similar when excluding 24 non-Ogallala counties within 20 km of the Ogallala boundary or 71 counties within 50 km of the boundary. Second, to estimate local geographic spillover effects, we compare counties near the Ogallala to counties further from the Ogallala. Restricting the sample to counties with zero Ogallala share, equation (3) is modified to estimate the impact of distance to the Ogallala boundary:
For ease of interpretation, distance is measured in units of 100 km and made negative. The estimated coefficients are interpreted as the impact of the Ogallala on the nearest sample counties, relative to the impact of the Ogallala on the furthest sample counties. Table 6 reports changes in nonagricultural outcomes in counties near the Ogallala, relative to changes in counties further from the Ogallala. There is some indication of lower agricultural population and higher nonagricultural population in nearby non-Ogallala counties, which may reflect displacement from Ogallala counties, though these estimates are not generally statistically significant. There is little indication of systematic impacts on nonagricultural sector sales in nearby non-Ogallala counties, relative to further non-Ogallala counties, though these estimates are statistically underpowered.
An important limitation of this geographic spillover analysis is that spillover effects on non-Ogallala counties may not vary largely with geographic distance. Spillover impacts might follow railroads or highways, for example, though the sample region had a high density of railroads and highways over this time period. In general, agricultural expansion over the Ogallala may impact nonagricultural activity in ways that are diffused throughout the domestic or international economy. Identifying these spillover effects is beyond the scope of our empirical analysis; as a consequence, this paper focuses on the local economic impact in Ogallala counties relative to nearby similar non-Ogallala counties. This relative comparison does not identify aggregate spillover effects on nonagricultural sectors, however, to the extent that nearby counties are also affected by agricultural expansion over the Ogallala.
VI. Interpretation and Conclusion
Counties over the Ogallala aquifer experienced windfall agricultural gains when post-WWII technologies increased farmers' access to groundwater. This historical episode provides an opportunity to estimate how the local agricultural sector disproportionately affects local nonagricultural activity, both in the short-run and over the long-run.
Despite substantial and persistent gains in the agricultural sector, there was no long-run relative expansion in Ogallala counties' nonagricultural economic activity. The absence of positive spillover impacts is particularly striking, as the empirical research design would overstate positive spillovers if workers or nonagricultural sectors directly benefited from access to Ogallala groundwater. Rural farm populations increased relatively over the Ogallala, but there was no general increase in population in Ogallala counties. Nonagricultural sectors experienced some shortrun relative increases in sales, as land values increased over the Ogallala, but these impacts were short-lived and there was little impact on these sectors' number of establishments. Indeed, these results highlight the value of historical perspective in exploring the impacts of sectoral expansion on local economic activity.
Estimated impacts on the local nonagricultural economy reflect a net impact of potential negative and positive spillovers from the agricultural sector. Negative spillovers through increased costs for land and labor may be counterbalanced by positive spillovers through increased demand for local goods, shared infrastructure, or direct productivity spillovers. There are only limited indications of increased costs for land and labor, however, suggesting that positive spillovers may also be small.
In other contexts, local economic spillover effects might differ substantially in both sign and magnitude. On the United States Plains, in the middle of the twentieth century, markets were well-integrated, agriculture was mechanized, and labor Notes: For counties with zero area over the Ogallala, each column reports estimates from equation (4): coefficients report the impact of "Negative Distance to Ogallala Boundary," measured in 100 km units. Coefficients reflect average outcomes in counties next to the Ogallala boundary, relative to counties 100 km away. Otherwise, the specifications are as described in Tables 3-5 . ** Significant at the 1 percent level. * Significant at the 5 percent level. mobility was high. By contrast, as declining groundwater levels threaten agricultural production in India (Sekhri 2014) , relatively limited market integration might imply greater losses to local nonagricultural sectors in those rural areas. However, relatively lower labor mobility in India might imply greater inflow of nonagricultural activity to employ former agricultural workers (Foster and Rosenzweig 2004) . In settings where agriculture is less mechanized, both of these effects are more pronounced: greater declines in agricultural labor demand decrease local input costs and decrease local demand for nonagricultural goods and services. While the theoretical model provides some guidance on how the empirical estimates might vary in other contexts, additional empirical research is needed to quantify local spillover effects at other times in other places. An important limitation of this paper, inherent to the empirical research design, is its inability to estimate spillover effects on non-Ogallala counties from agricultural expansion over the Ogallala. The empirical analysis identifies relative effects on Ogallala counties, which are net of any impacts on non-Ogallala counties. Thus, our interpretation of the results focuses on how agricultural expansion appears not to support differential expansion of the local nonagricultural economy. On a regional or national level, agricultural growth may still support nonagricultural economic development (Vogel 1994; Johnson 2000; Gollin, Parente, and Rogerson 2002; Nunn and Qian 2011) . We find limited evidence of population displacement to nearby non-Ogallala counties, relative to further non-Ogallala counties, and little evidence for spillover effects on nearby nonagricultural sectors. These estimates are underpowered, however, and are limited to spillover effects that vary with geographic proximity. Quantifying spillover effects throughout the economy will generally require stronger theoretical assumptions and empirical variation in the magnitude of spillover effects (e.g., Donaldson and Hornbeck 2013; Kline and Moretti 2014) .
This paper suggests that environmental resources can have limited local economic impacts, despite having large impacts on the local agricultural sector. As many areas face the destruction of local environmental resources, whether through depletion or a changing climate, policy responses might focus on farmers themselves. Expansion of the agricultural sector has less local benefit than the limited gains from expansion of the mining sector (Black, McKinnish, and Sanders 2005) , and much less local benefit than agglomeration spillovers from large manufacturing plant openings (Greenstone, Hornbeck, and Moretti 2010) . Limited coagglomeration between agriculture and nonagriculture, in contrast to stronger coagglomeration within manufacturing (Ellison, Glaeser, and Kerr 2010) , suggests that local policy focus on attracting manufacturing rather than agriculture. One particular policy implication is that subsidies to agricultural production, particularly through artificially-low costs of water, might be decreased without substantively decreasing nonagricultural activity in rural agricultural areas. Agricultural development might still support broader economic development on an aggregate level, but this historical episode highlights that agricultural expansion may not support local nonagricultural expansion in those rural areas. Notes: Each column reports estimates from equation (2): the indicated outcome variable is regressed on the share of county area over the Ogallala, state fixed effects, the fraction of county area in each soil group, and linear functions of county soil suitability for corn and wheat, average precipitation and temperature, average degree days between 10°C and 29°C and above 29°C, longitude, and latitude. All coefficients are allowed to vary in each year. The regressions are weighted by county acres, and robust standard errors clustered by county are reported in parentheses. ** Significant at the 1 percent level. * Significant at the 5 percent level.
